Compounds of rare earths with transition metals and indium attract special attention mainly due to the wide variety of the chemical composition, crystal structure peculiarities, and the interesting physical properties, especially magnetic and electric [1]. For instance, Ce 2 CoIn 8 is a heavy-fermion antiferromagnet and CeCoIn 5 is characterized by a combination of antiferromagnetism with superconductivity [2,3]. The first series of rare earth metal-based ternary indides, i.e., RETIn (RE = rare earth metals, T = Ni, Cu, Rh, Pd, Pt) were synthesized in the seventies [4]. Since then, the existence of more than 700 compounds in RE-{Со, Ni, Cu, Ag}-In ternary systems has been detected. Among them the crystal structure of about 70 ternary indides has been determined in systems containing cobalt [1]. However, the isothermal sections of the phase diagrams have been constructed only for the Ce-Co-In The aim of the present work is to construct the isothermal section of the Er-Co-In phase diagram at T = 870 K, and to determine the composition and crystal structure of the new ternary compounds.
and СоІn 3 (CoGa 3 -type), has been established in Co-In system. Both of these compounds are formed by the peritectic reactions at 823 K and 763 K, respectively. Almost all phases in these binary systems are characterized by constant composition. The exception is binary phase Er 5 In 3 which forms a small homogeneity region.
Experimental procedure
Starting materials for the preparation of the alloys were ingots of the erbium, cobalt, and indium tear drops, all with nominal purities better than 99.9 %. 65 ternary samples were synthesized in an arc-furnace on a watercooled Cu-plate under an argon atmosphere (sponge Ti was used as a getter). The buttons were turned over and re-melted two times to ensure homogeneity. The weight losses were smaller than 1% in all cases. The alloys were subsequently sealed in evacuated silica tubes and annealed at T = 870 K for 720 h and quenched in cold water without breaking the tubes.
The phase analysis was performed using X-ray powder data (diffractometers DRON-2.0, Fe-Kα-radiation, Ge as an internal standard; Seifert XRD7, Cu-Kα-radiation). The indexing of the obtained diffraction data of the ternary alloys was performed by comparison with calculated data (the program Powder Cell [23] ). The microstructure of the samples was studied visually on polished and etched surfaces, by using a microscope "NEOPHOT 30" in reflected light. In selected cases the composition of some samples was analysed in a scanning electron microscope-microanalyser REMMA-102-02 (SEM and EDX modes) by means of Energy-dispersive X-ray spectroscopy analyses (EDX-analyses).
The structure of the new phase was studied by X-ray powder diffraction. The powder intensity data was collected on automatic diffractometer STOE STADI P with linear PSD detector (transmission mode, 2θ/ω-scan; Cu Kα 1 radiation, curved germanium [1 1 1] monochromator; 2θ-range 10.000° ≤ 2θ ≤ 110.000° with the °2θ step of 0.015; PSD the °2θ step of 0.480, and the scan time 250 s step -1 ). The value of linear absorption coefficient was estimated from the logarithmic ratio between the primary beam intensity and its intensity after passing through the background and measured samples. The program Fullprof [24] was used for the Rietveld refinement of the crystal structure.
Results and discussion
The isothermal section of the Er-Co-In ternary system was established at T = 870 K for the whole concentration range, by means of X-ray powder diffraction, partly optical microscopy and EDX analyses (Fig. 1) . The existence of all known binary compounds was confirmed. The solid solution based on ErCo3 binary compound forms in this system across the section 75.0 at.% Co. The substitution of Er atoms with In atoms takes place within homogeneity range of this solid solution. The decrease in lattice parameters confirms that homogeneity region extends up to 8.0 at.% In (Fig. 2) . The rest of binary compounds do not dissolve the third component.
As the result of precise phase equilibria investigation the existence of earlier known ternary compounds was confirmed and three new compounds were found. The (Fig. 3) . The crystal structure of Er 8 CoIn 3 compound was determined by means of X-ray powder method. The analysis of the obtained X-ray powder diffraction pattern of Er 67 Co 8 In 25 sample revealed that this compound may be isostructural to Pr 8 CoGa 3 (space group P6 3 mc, a = 1.0489 nm, c = 0.6910 nm) [25] . All further calculations confirmed this supposition. Crystal data and details of structure refinement procedure are listed in Table 2 . Fig. 4 shows the X-ray diffraction pattern of the respective sample. The projection of the crystal structure of Er 8 CoIn 3 on the ab plane and the coordination polyhedra of the atoms are shown in Fig. 5 . The investigated structure like other rare earth rich compounds [1] is characterized by small values of coordination numbers for all sorts of atoms. The coordination polyhedra for Er atoms are 12-, 13-and 14-vertices polyhedra. The coordination polyhedron around cobalt atom is octahedron with one additional vertex (coordination number -7). The strongly distorted trigonal prism with lateral sides and bases capped by additional atoms is coordination polyhedron of Indium atom (CN = 11). The interatomic distances are in rather good agreement with the atomic sizes. The shortest distances are Er3-Co = 0.258(2) nm, Er2-Co = 0.2809(4) nm, Er1-Co = 0.2823(11) nm, Er2-In = 0.3035(6) nm and Er1-Er2 = 0.3295(8) nm. Within the structure, the cobalt and indium atoms are not in contact with each other and with the same atom types.
Consequently, 12 ternary compounds are formed in Er-Co-In system at T = 870 K, and the crystal structure is determined for 10 of them. All ternary compounds do not form homogeneity ranges.
As it was mentioned above, for RE-Co-In systems, the isothermal sections of the phase diagram Ce-CoIn (T = 870 К in the region of 0-33.3 at.% of Ce and T = 670 К in the region of 33.3-100 at.% of Ce) have been constructed. Due to the character interactions between their components of the Ce-Co-In [5] system is quite different from the Er-Co-In system. Only two ternary compounds, namely CeCoIn 5 and Ce 2 CoIn 8 , exist in the region of high Indium content. These compounds are isostructural to the equal erbium compounds and belong to HoCoGa 5 and Ho 2 CoGa 8 structure types, respectively.
Comparing the Er-{Со, Ni, Cu}-In systems with each other, it should be underlined that they are characterized by complicated interaction of the components. The number of ternary compounds for Co-, Ni-, and Cu-containing systems is 12, 9, and 6, respectively. In the Er-Cu-In system, the majority of ternary compounds exist at a relatively low content of RE and form the homogeneity regions (compounds with MgCu 4 Sn, ZrNiAl and AlB 2 -types). On the contrary, in Er-{Co, Ni}-In systems, the ternary compounds are formed all over the concentration field In phases are in good agreement with the size of transition metal atoms (for phase with Co a = 0.7049 nm, for Ni it is a = 0.6996 nm, and for Cu it is a = 0.7159 nm).
Another similarity between the three systems is the insolubility of the third component in the binary mixture. The exception mentioned above is the continuous series of solid solutions ErCu 5 -ErCu 4 In and solid solutions based on NiIn (CoSn-type), ErNi 2 (MgCu 2 -type) and ErCo 3 (PuNi 3 -type). Er can enter into NiIn leading to interstitial-substitution type of compound Er 0-0.12 NiIn 1-0.89 and increase in the lattice parameters. The solid solutions based on ErCo 3 and ErNi 2 exist along the cross sections of T-component with replacement of Er by In atoms within homogeneity ranges. Therefore, the lattice parameters decrease, which agrees well with the atomic sizes. Thus, a distinctive feature of the Er-Ni-In system is the presence of mutual solubility of related phases ErNi 2 and ErNi 4 In and the absence of the solid solution based on the ErNi 3 phase. However, such a difference in the solubility of ErCo 4 In and ErCo 2 is not observed in the Er-Co-In system. The presence of a solid solution based on ErCo 3 compound obviously can be explained by high thermodynamic stability of this compound, which is melt congruently at T = 1653 K [21]. As it was mentioned above, almost all ternary compounds in Er-{Co, Ni}-In systems are characterized by constant composition. However, some crystallographic positions in the structures of the phases with the high rare earth content are occupied by a statistical mixture of atoms. Thus, position 2а in Ho 6 Co 2 Ga structure type is occupied by a mixture of transition metal (Co or Ni) and In and the composition of compounds can be described as Er 6 On the whole, the substitution of In atoms by Er or transition metal is possible in structures of compounds in Er-{Co, Ni}-In systems, and existence of only Cu/In statistic mixture is observed for phases in systems containing copper. This can be explained by partial polarization of indium atoms due to the presence of more electronegative copper atoms (1.7 for Co, 1.8 for Ni, 1.9 for Cu and 1.7 for In by Pauling scale [28] ). This results in decrease of In atom size (r In = 0.166, r In + = 0.130 nm, r Cu = 0.128 nm).
Conclusion
Isothermal section of the Er-Co-In system at T = 870 K was constructed by means of X-ray powder diffraction, microstructure and EDX-analyses. 12 ternary compounds are formed in Er-Co-In system at T = 870 К, and the crystal structure are determined for 10 of them. The structure of Er 8 CoIn 3 compound was determined by means of X-ray powder method (Pr 8 CoGa 3 -type, P6 3 mc space group, a = 1.02374(2) nm, c = 0.68759(2) nm).
